Synthesis of core and core-shell NaYF 4 NCs The protocol to synthesize Eu 3+ /Gd 3+ doped core and core-shell NCs is based on the method described in Ref. 1 with some modifications. Stoichiometric amounts of rare earth acetates (totally 1 mmol) were added into a 100 mL three-necked flask, which contained 6 mL oleic acid and 17 mL 1-octadecene. The mixture was stirred vigorously and heated to 120 °C for 1.5 h under vacuum and subsequently allowed to cool down to room temperature under a gentle flow of nitrogen gas. This was followed by a rapid injection of a mixture, containing 2.5 mmol NaOH and 4 mmol NH 4 F dissolved in 3 mL and 7 ml methanol.
The reaction was kept at room temperature overnight. Next, the solution was heated to 100 °C for 0.5 h under vacuum and to 300 °C for 2 h under a protective nitrogen atmosphere. Afterwards, the solution was cooled down and the product was precipitated by adding excess ethanol. The core NCs were washed with ethanol and cyclohexane three times using centrifugation to separate the NCs from the ethanol and cyclohexane. For the synthesis of core-shell NCs, all steps were the same except for the injection of core NCs dissolved in 4 mL cyclohexane into the flask before adding the mixture of NaOH and NH 4 F methanol solutions. Note that an inert shell NaYF 4 was grown around the core so the reaction mixture for shell growth contained only yttrium acetate as rare earth precursor. The final core and core-shell NCs were analyzed by X-ray diffraction (XRD), which confirmed the hexagonal crystal structure of the NCs obtained. The NCs are capped with oleates on the surface and can be re-dispersed into various apolar solvents. In this study, we used diethyl ether, hexane, octane, chloroform, toluene and chlorobenzene. To visualize the morphology and size of NCs, NCs dropped on amorphous carbon-coated copper grids (200 mesh)
were imaged on an FEI Tecnai-12 TEM operating at 120 kV. 4 The protocol to synthesize bulk (microcrystalline) NaYF 4 materials was done through standard solid synthesis techniques described in Ref.
Synthesis of microcrystalline NaYF
2 with an additional post-treatment. NaF (5% excess)
was mixed with stoichiometric amounts of YF 3 and EuF 3 or GdF 3 . The starting materials were thoroughly mixed in an agate mortar, transferred into an alumina crucible and sintered in an oven together with a second crucible filled with NH 4 F. The heating was done in a gas tight alumina tube under a nitrogen flow. The samples were first heated to 300 °C for 2 h and then to 550 °C for 3 h. After cooling down, the samples were washed with deionized water for three times to remove a trace of NaF and collected after drying at 100 °C overnight. XRD measurement determined the hexagonal β-phase of the obtained bulk materials.
Optical spectroscopy The photoluminescence spectra were recorded using an Edinburgh Instruments FLS920 spectrometer, with a 450 W xenon lamp as excitation source and a Hamamatsu R928 photomultiplier tube (PMT) for photon detection. To record spectra with high resolution, narrow slits and small step sizes (0.2 nm) were used. Emission spectra were corrected for the instrumental response. Luminescence decay curves for the Eu 3+ emission were measured using the multi-channel scaling 
Decay Curves and Average Lifetime of Eu

3+
The average lifetime τ avg can be determined via
where I(t) presents the emission intensity at time t (after background substraction). 
Fit of Lifetimes for Constant Non-Radiative Decay Rate
The variation of lifetime with refractive index as plotted in Figure 2c of the main text assumes a constant quantum yield. Alternatively, the data can be plotted assuming a constant average non-radiative decay rate. In the figure below a constant non-radiative decay rate is assumed. The drawn lines in the figure are fits to Eq. below. The green dot marks the radiative lifetime based on bulk material.
MD Transition Probability of 6 P 7/2 -8 S 7/2 Transition for Gd 3+ in NaYF 4 The radiative transition probability for MD transitions can be calculated using 
